The purpose of this article is to provide a synopsis of the current medical understanding of knee osteoarthritis. We describe the prevalence, causes and associated risk factors, symptoms, diagnosis and classification, and treatment options. A quiz serves to assist readers in their understanding of the presented material.
INTRODUCTION
Please see the Sidebar: Quiz to Assess Knowledge of Knee Osteoarthritis (True/ False/Depends) with Answers.
Osteoarthritis (OA), also known as degenerative joint disease, primary OA, wearand-tear arthritis, or age-related arthritis, is a leading cause of disability in the US and worldwide. 1 Clinicians use the word arthritis to mean inflammation of the joints. In public health sectors, arthritis is a blanket term used to refer to more than 100 rheumatic diseases and conditions that affect the joints, the tissues surrounding the joints, and other connective tissue. Discussion of all these conditions is beyond the scope of this primer, and we will focus on primary OA of the knee.
OA is the most common joint disorder in the US. 2 The number of people affected with symptomatic knee OA is likely to increase because of the aging of the population and the obesity epidemic. 3 Knee OA affects the 3 compartments of the knee joint (medial, lateral, and patellofemoral joint) and usually develops slowly over 10 to 15 years, interfering with daily life activities. 4 Traditionally, it was interpreted as a "wear-and-tear" of the articular cartilage disease only because of aging and not related to inflammation. Although the disease pathophysiology is still poorly understood and is under investigation, it is accepted that knee OA is multifactorial in origin. Whereas both inflammatory and biomechanical whole-organ disease processes play an important role, knee OA is also influenced by a combination of factors, including family history, age, obesity, diabetes, synovitis, systemic inflammatory mediators, innate immunity, lower limb alignment (genu valgum and genu varum), joint shape and dysplasia, trauma, and inflammation by metabolic syndromes. [5] [6] [7] [8] [9] [10] [11] [12] Regardless of the underlying mechanism, OA implies articular cartilage damage, bony osteophyte formation, and sclerosis of the subchondral bone, and in advanced cases, subchondral cyst formation can be seen pathologically.
Risk factors related to the development of knee OA may be divided into nonmodifiable and modifiable. Nonmodifiable risk factors include hereditary (genetic mutations that may predispose an individual to the development of OA of the knee) and congenital (inherited abnormalities in the shape of the bone that surround the knee joint) factors. Modifiable risk factors can be targeted for treatment. The most common modifiable risk factor in the US is overweight; every pound (0.45 kg) of weight gained adds 2 lbs to 4 lbs (0.9-1.8 kg) of extra pressure on one's
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The diagnosis relies on the history and physical examination findings and is often confirmed with x-rays. Laboratory tests are usually reserved to rule out other diagnoses. Modern treatments focus on improving function and quality of life. They now range beyond nonsteroidal anti-inflammatory drugs (NSAIDs) and acetaminophen for mild arthritis to braces, physical therapy, weight loss, transcutaneous electrical nerve stimulation (TENS) units, and intraarticular cellular injections. The definitive treatment of severe arthritis remains one of the many types of surgeries.
PREVALENCE
Knee OA affects most adults aged 65 or older, with a prevalence in the US of 33.6% (12.4 million). 2 Women have a greater prevalence (42.1%) than do men (31.2%). 4 Women with radiographic knee OA are more likely to have symptoms than men, and African Americans generally report more knee and hip symptoms than do whites. 13 Strenuous physical activity, especially activities requiring kneeling, knee-bending, squatting, and prolonged standing, as well as knee trauma and injury have also been linked to a high prevalence of symptomatic knee OA. 3 Knee OA has a higher prevalence rate compared with other types of OA.
14 The incidence of knee OA increases both with age and with longer lifetime and higher average weight of the population, particularly in obese women.
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CAUSES AND RISK FACTORS
Previously OA was thought to be a normal consequence of aging and the mechanical consequence of "wear and tear," thereby leading to the term degenerative joint disease. However, it is now realized that OA results from a multifactorial, complex interplay of constitutional and mechanical factors, including joint integrity, genetic predisposition, local inflammation, mechanical forces, and cellular and biochemical processes. [5] [6] [7] [8] [9] [10] [11] [12] Knee OA is closely associated with age, as radiographic evidence of OA occurs in most people by age 65 years and in more than 75% of people older than age 75 years. 16 Although there are many associations and mechanisms that are not well understood, it has been reported that there is a higher prevalence of OA among elderly women. 16 There are three compartments in the knee: 1) the medial tibiofemoral compartment, which joins the medial tibial plateau to the medial femoral condyle; 2) the lateral tibiofemoral compartment, which joins the lateral tibial plateau to the lateral femoral condyle; and 3) the patellofemoral joint, which joins the kneecap to the femur. These three compartments work together to form a modified hinge joint that allows the knee to bend and straighten, and to rotate slightly from side to side. Excess weight on the knee can adversely affect the functional capacity of the knee joint.
An association between obesity (body mass index) and the prevalence and incidence of knee OA has been consistently demonstrated in several cross-sectional and longitudinal studies. 17 Although excess weight increases joint loading, resulting in deleterious effects on weight-bearing joints, this is not the only factor involved in the relationship between OA and obesity. Obesity increases the risk of knee OA by multiple mechanisms: Increased joint loading; changes in body composition, with negative effects related to inflammation; and behavioral factors, such as diminished physical activity and subsequent loss of protective muscle strength. 18 Furthermore, it is expected that the prevalence of obesity is unlikely to decline and will probably increase the incidence of knee OA and the demand for knee arthroplasty.
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SYMPTOMS OF KNEE OSTEOARTHRITIS
Knee symptoms can vary depending on the cause of the problem. The most common symptom of knee OA is pain around the knee joint. Pain can be dull, sharp, constant, or intermittent (off and on). Pain can vary from mild to agonizing. Range of motion can be decreased. The practitioner may hear grinding or popping sounds and may report muscle weakness. Swelling, locking, and giving way of the knee are common problematic symptoms. These disabilities, mainly related to pain, are usually manifested by difficulty in walking, climbing stairs, performing household chores, and sitting upright and have a negative psychological impact, all of which can lead to a decreased quality of life. 20 Knee pain can develop slowly and worsen over time (most common), or pain can have a sudden onset. Pain and stiffness in the morning, after sitting, or after prolonged rest are most common. Over time, painful symptoms may occur more frequently, including during rest or at night. Typically, pain flares up with vigorous activity. Joint pain and stiffness after sitting or prolonged rest typically loosen up in less than 30 minutes, known as gelling.
DIAGNOSIS AND CLASSIFICATION
The classification and diagnosis of knee OA should begin with a review of the different types of knee OA. OA of the knee has traditionally been classified by etiology into either idiopathic (ie, primary) or secondary forms. Idiopathic OA of the knee is usually localized but can be generalized if knee OA involves three or more joint sites. Knee OA can also be classified by anatomic involvement by the chief joint involved.
Before the practitioner makes a clinical diagnosis of idiopathic knee OA, secondary underlying disorders should be considered and excluded. Secondary conditions of the knee that may enhance the risk of knee OA should be examined carefully. These conditions include trauma, congenital or developmental disorders, calcium pyrophosphate dihydrate deposition disease, and other bone and joint disorders such as osteonecrosis, rheumatoid arthritis, gouty arthritis, septic arthritis, and Paget disease of the bone. 21 Of all secondary OA, posttraumatic OA, caused by previous fractures of the distal femur and proximal tibia, constitutes the plurality of causes but accounts for only 12% of symptomatic OA. 22 A clinical diagnosis of knee OA is supported by the presence of typical symptoms, physical examination findings, laboratory results, and imaging features. No single clinical feature is absolutely sensitive or specific. Generally, the more features that are present, the more likely the diagnosis.
When diagnosing knee OA, the health care practitioner should initially ask questions directed to chronic health conditions, history of known injury or trauma, previous surgery, medications, occupation, and symptoms (eg, pain level and location, morning stiffness). After the history evaluation, a focused physical examination should be conducted. Each patient should be examined for the presence of an effusion, loss of range of motion, and loss of smooth mechanical movement. The examination should assess for tenderness to palpation of the joint, crepitus (a grating sensation inside the joint) with movement, pain when pressure is placed on the joint, ability to ambulate (with description of any problems with ambulation), as well as signs of injury to muscles, tendons, and ligaments surrounding the joint. In addition, the examination should describe passive range of motion (assisted) and active (selfdirected) range of motion of the affected joint.
Goldberg 23 recommends the following as a common approach to the examination of all joints:
• Make sure the area is well exposed-no clothing covering either side. it is often very difficult to assess a joint because the patient "protects" the affected area, limiting movement and thus your examination. It helps to examine the unaffected side first. This will help to set the patient at ease and will help the physician to gain a sense of the patient's normal range of motion. Radiologic evaluation may be used to make a diagnosis of knee OA. The American College of Rheumatology, however, suggests that a clinician can make a secure diagnosis of knee OA without radiologic evidence. X-rays may be used to assess the condition of the joint, to reveal the presence, or lack thereof, of fractures, dislocations, and joint space narrowing (JSN). JSN occurs as cartilage is lost, and the joint space between the bone narrows. X-rays of an arthritic knee or hip may show a narrowing of the joint space because of cartilage loss, changes in the bone, and formation of bone spurs (osteophytes) caused by bone remodeling.
The most frequent radiographic grading system is described by Kellgren and Lawrence. 24 In this system, Grade 1 is characterized by doubtful JSN and possible osteophytic lipping ( Figure 1A) ; Grade 2, by definite osteophytes and possible JSN on anteroposterior weight-bearing radiograph ( Figure 1B) ; Grade 3, by multiple osteophytes, definite JSN, sclerosis, and possible bony deformity ( Figure 2A) ; and Grade 4, by large osteophytes, marked JSN, severe sclerosis, and definite bony deformity ( Figure 2B ).
Other imaging studies, such as magnetic resonance imaging, computed tomography, or a bone scan, although usually not required, may be needed to rule out other conditions of the bone and soft tissues of the joint.
Blood tests may be ordered to help determine what kind of arthritis a patient has and especially to rule out secondary causes. Among others, these are some of the common initial studies ordered: complete blood cell count with differential, erythrocyte sedimentation rate, C-reactive protein, rheumatoid factor titers, and evaluation of synovial fluid. When the diagnosis of primary OA is made, these tests would be expected to be within normal limits, whereas patients with other types of rheumatologic conditions would have abnormal results of laboratory tests (eg, elevated erythrocyte sedimentation rate, elevated C-reactive protein concentration).
A diagnosis of knee OA can be reached only with clinical findings or with a combination of clinical and radiographic findings. There are multiple classification systems for OA. The European League Against Rheumatism recommended the use of 3 symptoms (persistent pain, limited morning stiffness, and reduced function) and 3 signs (crepitus, restricted range of motion, and bony enlargement) for making the diagnosis of knee OA. As more factors are present, the likelihood of having a diagnosis of OA increases. When all 6 signs and symptoms are present, the probability of seeing OA on radiographs is 99%. 25 One of the clinical classification criteria most frequently used is the one developed by the American College of Rheumatology. 26, 27 These criteria start with the presence of knee pain plus specific characteristics. The number of characteristics associated with knee pain varies depending on whether a diagnosis is being made using clinical criteria only, using clinical and radiographic criteria, or using clinical and laboratory criteria, as follows:
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TREATMENT OPTIONS
Treatment designed for knee OA should aim to relieve pain, improve function, and limit disabilities. Knee OA treatment is usually driven by the patient's symptoms and the potential to improve quality of life. Nonoperative treatments of knee OA are often useful for patients with Kellgren and Lawrence Grades 1 to 3 (Figures 1 and 2A) , which are "early" stages of OA. However, surgical treatments are generally needed to cure or ameliorate advanced stages of knee OA (Grade 4; Figure 2B ).
28,29
Nonsurgical Options
Nonoperative treatments constitute the initial approach for patients who consult for the first time with knee pain and signs of knee OA. There are multiple therapeutic 
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options, and many times a patient needs to try multiple approaches until finding the most suitable therapy. Heat and cold treatments are effective pain relief methods. Heat treatments enhance circulation and soothe stiff joints and tired muscles, whereas cold treatments slow circulation, which reduces swelling, thus alleviating acute pain. The patient may need to experiment with heat and cold therapies to determine which is more effective to treat his/her specific symptoms. 30 Treatment may include but is not limited to one or more of a large list of options: modifying the intensity of the activities performed, weight loss, muscle strengthening exercises, orthotics, osteopathic treatment, application of ice or heat, pharmaceutical treatment including NSAIDs, and viscosupplementation with hyaluronic acid injections, corticosteroid injections, glucosamine, and platelet-rich plasma (PRP). PRP is derived from a sample of the patient's own blood and then injected directly into the affected knee joint to reduce pain, improve joint function, and possibly repair the cartilage. 29, 31 Quite often, an initial and more "simple" approach is to recognize triggers that aggravate symptoms and minimize those activities causing symptoms (eg, climbing stairs). Avoiding high-impact activities (eg, jogging) and switching to lower-impact activities (eg, swimming or cycling) may diminish stress on the knee and improve the symptoms. Exercise and/ or other physical activity is recommended for improving pain and functional status in people with knee OA. 32 Specific exercises can increase range of motion and flexibility and strengthen muscles in the knee. Many times, an individualized exercise program combined with effective behavioral strategies aimed at weight loss may be most beneficial for reducing pain in overweight patients. Both can be difficult, especially in patients who find it difficult to exercise because of their painful joints.
Weight Loss
Addressing one specific modifiable risk factor for knee OA is fundamental to successful management. Weight loss not only reduces the risk of incident knee OA but, in established disease, also reduces symptoms, improves function, and may reduce disease progression. 18 Although weight loss approaches in knee OA are beyond the scope of this article, we cannot emphasize enough that weight loss must be encouraged at all available opportunities for appropriate patient care. There is some evidence suggesting that nonpharmacologic management strategies are underused by physicians in both primary and secondary care. 33, 34 Close collaboration among physicians and other health care professionals from various clinical and research spectrums within the health care system may provide the most effective solutions to these issues.
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Electrical Stimulation and Assistive Devices
Four nonoperative, noninvasive treatment modalities were identified in a recent systematic review of the literature to have a significant effect on the reduction of pain in knee OA. Those modalities identified included TENS, neuromuscular electrical stimulation, insoles, and bracing. Of note, most of the studies reviewed had less than a 6-month follow-up. 35 An easily affordable electrical stimulator (costs vary and can range from $20 on up) may be useful for treating knee OA, 35 particularly in patients who are unable to perform an exercise program. TENS uses low-voltage electrical current to produce pain relief. This therapy uses a small, battery-powered machine that is connected to electrodes (wires that conduct electrical current) from the machine to the skin. The electrodes are often placed on the area of pain (eg, around the knee), creating a circuit of electrical impulses that travels along nerve fibers. The electrical current generates a sensation that is thought to block the pain signal from the nerve to where it is perceived in the brain as pain.
Neuromuscular electrical stimulation also involves the use of a device that transmits an electrical impulse to the skin over selected muscle groups. Neuromuscular electrical stimulation is intended to strengthen or maintain muscle mass of the treated muscles. Electrical stimulation placed on the quadriceps muscle may ease pain and strengthen the quadriceps muscles supporting the knee. It also may delay the need for total knee replacement.
Using assistive devices such as a cane, wearing shock-absorbing shoes or inserts, or wearing a knee brace or sleeve can help relieve symptoms. Assistive devices or walking aids, such as a cane or crutch, can reduce pain in patients with knee OA. 36 Patients should be given instructions in the optimal use of an assistive device in the contralateral hand. 36 Although evidence is fairly inconclusive, 37 braces placed over the knee often assist with mobility and function; patients may find them especially helpful in arthritis located on either part of the knee. The rationale of an "unloader" brace is to shift weight away from the affected portion of the knee, whereas a "support" brace helps support the entire knee load. 38 The aim with the use of a brace is to reduce symptoms, improve gait mechanics, and correct knee malalignment. 39 Pneumatic unloader bracing with extension assists have been shown to strengthen the muscles around the knee. 40 Additional research is required because the optimal choice for an orthosis remains unclear, and long-term implications for their effectiveness remain undefined. 37 
Medications
Use of various medications such as NSAIDs (eg, ibuprofen, naproxen, diclofenac, or aspirin) at therapeutic doses can often be helpful. A recent network meta-analysis concluded that diclofenac, 150 mg/d, is the most effective NSAID available in terms of improving both pain and function. 41 Caution and attention must be focused on avoiding excessive use of these medications. In addition, consideration of all known safety information and individual patient comorbidities is imperative when the health care practitioner is selecting any of these medications for a patient.
Intra-articular Knee Injections
Intra-articular injections into the knee are an appealing option for patients because they present a low risk of harm while providing potential pain reduction and improvement in physical function. Intra-articular injections are a particularly tempting viable option in younger patients with less severe disease. Most reported intra-articular knee injections may be segregated into three groups (see Sidebar: Intra-articular Knee Injection Treatments).
Surgical Options
Surgery is indicated and should be considered when a patient is refractory to conservative, nonoperative treatment modalities have been tried for a reasonable period (at least three months), and quality of life is notably compromised. Surgical options for knee OA include multiple techniques: arthroscopy, cartilage repair, osteotomies, and knee replacement (partial and total knee arthroplasties). 42, 43 Multiple variables are taken into consideration and must be evaluated when determining which of these procedures is the most appropriate for a specific patient. The location and extent or severity of knee OA along with patient comorbidities and risk factors must be contemplated for any surgical candidate. 43 The role of arthroscopy in knee OA is controversial. Arthroscopic lavage and débridement do not alter OA disease progression in the knee, and the benefits seen from these interventions are limited in time and by inconsistency of results. 44, 45 Nevertheless, knee arthroscopy may be used for any new onset of mechanical symptoms if desired, with understanding of its limitations.
If OA is limited to only one compartment of the knee joint, surgical techniques involving unicompartmental knee arthroplasty or unloading osteotomy may be considered. The goal of an osteotomy is to transfer the weight load from the damaged compartment to undamaged areas, delaying the need for joint arthroplasty. This procedure should be considered in young and active patients. 46, 47 An alternative in between osteotomy and total knee arthroplasty (TKA) is partial knee arthroplasty. In select patients with isolated medial, lateral, or patellafemoral OA, unicompartmental knee arthroplasty or patella-femoral replacement can be successful alternatives. 42, 43, 48, 49 Nonetheless, for patients with severe and advanced knee OA, TKA may be the only option to resolve the pain and improve function. Today, TKA has become a safe and cost-effective treatment that provides 90% to 95% pain relief and has a 1% to 2% complication rate. 49 With the surgical techniques and surgeon skills available today, more than 90% of the patient population undergoing a TKA will continue to report satisfactory results 20 years after the surgery.
49
CONCLUSION
Knee OA is a degenerative joint disease and one of the leading causes of disability in the US and worldwide. Although disease pathophysiology is still poorly understood and is under current investigation, it is accepted that knee OA is multifactorial in origin. Multiple risk factors related to the development of knee OA are described as either nonmodifiable or modifiable. Nonmodifiable risk factors are those that are hereditary (genetic mutations that may predispose an individual to the development OA of the knee) or congenital (inherited abnormalities in the shape of the bone that surround the knee joint). Modifiable risk factors are those that can be targeted for treatment (eg, obesity) and are therefore adjustable.
Treatment designed for knee OA should be aimed at relieving pain, improving Currently, the American Academy of Orthopaedic Surgeons does not recommend using hyaluronic acid for patients with symptomatic end-stage osteoarthritis (OA) of the knee. There are no existing data that any of the HA injections will cause regression of osteophytes, subchondral bone remodeling, or regeneration of cartilage and meniscus in patients with substantial, irreversible bone and cartilage damage. Further investigations are required to determine whether high-molecular-weight and cross-linked preparations of HA have superior efficacy compared with other HA preparations or other currently available treatments. In addition, studies involving long-term outcomes of efficacy, safety, and economic cost-benefit analyses are needed. 2 Because of the paucity of data supporting the effectiveness of HA injections to justify their cost, careful patient selection and decreasing the use of HA among patients with end-stage knee OA may represent a substantial cost reduction without negatively affecting the quality of health care. a. Cell-based therapies: Cell-based therapies for knee OA are in development stages. A recent systematic review suggested that intra-articular cellular injections for OA and focal cartilage defects in the human knee had positive results and seemed safe. However, improvement in patient symptoms was modest and a placebo effect could not be disregarded. The overall quality of the literature was poor; therefore, accurate assessment and optimization of these therapies will require further research. 5 Most of the studies analyzed reported on the use of autologous cellular therapies. Bone marrow-derived cells were the source chosen more often, followed by adipose-derived cells and blood stem cells. b. Platelet-rich plasma: Multiple studies and systematic reviews have reported on the use of intra-articular PRP for the treatment of knee OA. [6] [7] [8] [9] [10] [11] [12] [13] [14] Initial observations support an inference that PRP appears to be safe. Although some transient pain or swelling has been reported after its use, these symptoms typically resolve within two to three days, and no long-term side effects have been reported. Use of PRP, especially a lower leukocyte concentration known as leukocyte-poor PRP, showed improved results compared with HA and placebo, showing beneficial effects of amelioration in pain and improvement in function about two months after application and lasting up to a year. 9, [15] [16] [17] On the basis of the current evidence, although PRP injections have been demonstrated to more effectively reduce pain and improve overall physical function compared with control studies, the quality of evidence is lacking, and further research is required to establish the efficacy of using PRP as a treatment option.
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Intra-articular corticosteroids:
Intra-articular injections of corticosteroids have long been used to try to relieve symptoms from knee OA, but studies addressing their efficacy have been contradictory. The American Academy of Orthopaedic Surgeons guidelines for nonoperative treatment options for patients with OA of the knee do not recommend for or against the use of intra-articular corticosteroids into the knee. 1 Furthermore, a recent Cochrane systematic review concluded that clinically important benefits of one to six weeks remain unclear because of the overall quality of the studies, the heterogeneity between trials, and presence of small-study effects. 4 
